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REMARKS 

Claims 1-10, 13-33, 36-45, and 93-106 are pending. 

Claims 1-3, 6-10, 13-23, 25-28, 32, 33, 36-46, 93, 94, 96, 97, and 99-106 are rejected 
under 35 U.S.C. 1 03(a) as being unpatentable over Joannopoulos et al., U.S. Patent No. 
5,955,749 (hereinafter "JoannopouJos") in view of Imada et al, Coherent two-dimensional 
lazing action in surface-emitting laser with triangular-lattice photonic crystal structure, 75 
Applied Physics Letter 316 (1999) (hereinafter "Imada") and Vaudo et al., U.S. Patent 
6,1 56,58 1 (hereinafter "Vaudo"). Applicants respectfully traverse the rejection. 
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Claims 1 and 25 



For the Examiner's convenience, arguments presented in Applicants* preliminary 
amendment submitted on March 29, 2004 are reproduced below in sections A, B, C, and D. 
In section E, Applicants respond to remarks made by the Examiner in the current office 
action in the "Response to Arguments*' section on page 6. 

Claim 1 recites "a second semiconductor layer doped with a second dopant, ... a 
second electrode laye r on said second semiconductor layer, and a periodically-arranged 



Plurality of holes formed in the second semiconductor layer and extending towards the first 



semiconductor layer/' Claim 25 recites similar elements. Claims 1 and 25 therefore teach a 
device with an electrode on a layer with a plurality of holes. 

A, Neither I mada nor Joannopoulos teach forming electrodes on a laver with a 
plurality of holes 



As Applicants noted in the office action response mailed April 4, 2003, in contrast to 
the devices in claims 1 and 25, in Imada's device, the n-lnp clad layer with a triangular 
lattice structure is sandwiched between planar semiconductor layers. The electrodes are 
formed on pla nar semiconductor layers, not on layers with a plurality of holes . Seelmada's 
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FIG. 1 (a). As noted by the Examiner in paragraph 10 of the office action, Joannopoulos 
does not teach any electrode structure. Thus, evenin combination. Joannopoulos and Imada 
do not teach all the elementa_of_claim 1 . In addition, neither reference teaches or suggests 



modifying Imada's electrodes for use on a layer with a plurality of holes, and neither 
reference teaches or suggests how Imada's electrodes could be modified for use on a layer 
with a plurality of holes. Accordingly, claims 1 and 25 are patentable over the combination 
of Joannopoulos and Imada. 

Vaudo is cited only as teaching a GaN based light emitting diode and contains no 
mention of a photonic crystal or plurality of holes. As such, Vaudo adds nothing to the 
deficiencies of Joannopoulos and Imada. 

B. The formation of electrodes o n a laver with ft plurality of holes is not trivial 

In response to the above argument that neither Joannopoulos nor Imada teaches 

forming an electrode on a layer with a plurality of holes, the Examiner states, in paragraph 

28 on page 5 of the present office action: 

Applicant states that Joannopoulos et ah do not show an electrode but note 
that since an improvement in an LED structure is described, an electrode 
structure is a necessity and is obvious but note that Imada et at. specifically 
show an electrode and its incorporation is obvious. 

The Examiner's argument ignores the fact that extensive modification of 
Joannopoulos and Imada would be required to result in the device in claims 1 and 25. As 
described above, neither reference supplies a motivation for or an expectation of the success 
of such a modification. 

In addition, Applicants clearly state in the background section of the present 
application that such modification of Joannopoulos and Imada is not obvious. For example, 
Applicants note in the background section that the formation of electrodes on a photonic 
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crystal LED may affect the extraction of light from the device. In addition, the formation of 

electrodes on photonic crystal LEDs may require fabrication techniques not used with 

regular LEDs, See for example, paragraph [0008] which states: 

The fabrication of electrodes in regular LEDs is known in the art However, 
for PXLEDSv neither the fabrication of electrodes, nor their influence on the 
operation of the PXLED is obvious . For example, suitably aligning the mask 
of the electrode layer with the lattice of holes may require new fabrication 
techniques. Also, electrodes are typically thought to reduce the extraction 
efficiency as they reflect a portion of the emitted photons back into the LED, 
and absorb another portion of the emitted light. (Emphasis Added) 

See also, for example, paragraph [001 1] which discusses an article by R.K. Lee et ah: 

The addition of the electrodes [to Lee ct al.'s device! Jiowever, will 
substantially affect the extraction and the sp ontaneous emission. Since this 
effect is unknown, it cann ot be disregarded in the design of afnl LED , Since 
the Lee et al. design does not include such electrodes, the overall 
characteristics of an LED, formed from that design, are unclear. (Emphasis 
Added). 

The above quoted paragraphs illustrate that the addition of electrodes to a photonic 
crystal device is not trivial. Accordingly, lacking any motivation in either Joannopoulos or 
Imada, it cannot be obvious to modify the combination of Joannopoulos and Imada to result 
in the electrode structure claimed in claims 1 and 25. 



C. Imada 's electrodes are not suitable for a light emitting diode 

In paragraph [0068], Applicants note "some embodiments emit most of the generated 
light through host substrate 1 02, while other embodiments emit most of the light through the 
side opposite to host substrate 102, sometimes referred to as the top of the LED." Such 
arrangements, where light is extracted either through the substrate or through the top of the 
epitaxial region, are typical for LEDs. In contrast to claims 1 and 25, which recite "light 
emitting diodes," Imada teaches a "surface-emitting laser." Imada does not specify how 
light is extracted from the device, but Imada's Fig. 3(a) shows that in Imada's device, light 
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from the top surface is almost completely absorbed by the electrode shown in Fig. 1(a). 
lliough Imada does not specifically show a second electrode, the images in Fig. 3(a) which 
show near field images of light from the top of Imada* s device, suggest that Imada's second 
electrode is an opaque sheet electrode formed on the bottom of the structure in Fig. 1 (a) 
labeled "n-InP SUB." Accordingly, a significant portion of the top surface and all of the 
bottom surface of Imada are opaque to light. Such an arrangement of electrodes is 
completely unsuitable for a light emitting diode, where light is extracted through the top or 
bottom surface of the device. Since there can be no motivation to use an electrode 
arrangement that renders opaque each of the possible light extraction surfaces of the light 
emitting diode, there is no motivation to use the arrangement of electrodes taught by Imada 
in a light emitting diode as claimed in claims 1 and 25. 

P. Conclusion 

The combination of Joannopoulos, Imada, and Vaudo fail to teach an electrode on a 
layer with a plurality of holes and thus fail to teach every element of claims 1 and 25. As 
Applicants noted in the background section, the design of electrodes in a photonic crystal 
device is not trivial. Tn addition, a person of skill in the art would not consider the electrode 
structure of Imada to be suitable for a light emitting diode, since Imada's electrodes render 
opaque the surfaces from which light is typically extracted in a light emitting diode. 
Accordingly, the Examiner has failed to point to a motivation to make the significant 
modifications to the combination of Joannopoulos, Imada, and Vaudo required to form the 
device of claims 1 and 25. The Examiner has thus failed to make a prima facie case of the 
obviousness of claims 1 and 25. Applicants respectfully submit that claims 1 and 25 are 
allowable over the combination of Joannopoulos, Imada, and Vaudo. 
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Eg, Thft ExamineE!g ^^ ponse to the Above Arguments 

In response to the above arguments) the Examiner states on page 6 of the office 

action: 

29. Applicant states that Joannopoulos et al. do not show an electrode but 
note that Joannopoulos et aJ , show that the structure will be biased in a 
conventional manner (column 7, 66). While specifics are not shown it must 
be assumed that Joannopoulos et al. know how to do it and a number of 
alternatives could be suggested by the Examiner. 

30. Applicant states that there is no teaching of bow to modify the 
electrode of Imada et al. for use on a device with holes but Joannopolous et 
al. show that it is conventional. 

3 !. Applicant states that the Imada et al. electrode is not suitable for an 
LfcD but sec above where the teaching of Joannopolous et al. is relied upon. 

What Joannopoulos says at column 7, lines 65-67 is "stratum 506 thus serves as the 

electromagnetic radiation source when the layers 504 and 508 are oppositely biased in a 

conventional manner," The word ,B bia$" in this context is defined by Metriam-Webster as 

"to apply a slight negative or positive voltage to." Joannopoulos thus states only that the 

application of voltage to opposite sides of stratum 506 is conventional, not that the 

formation of electrodes is conventional. Accordingly, where the Examiner implies that 

Joannopoulos teaches that formation of electrodes is conventional, as in paragraphs 30 and 

3 1 of the office action (quoted above), the Examiner is mischaractcrizing the teachings of 

Joannopoiilos. 

Furthermore, even if Applicants were to assume, solely for the same of argument, 
that Joannopoulos does imply that the formation of electrodes is conventional, the Examiner 
still has not made a prim a facie case of obviousness for claims 1 and 25. Joannopoulos does 
not teach any electrode structure. In feet, Applicants can find no mention in Joannopoulos 
of the wotfd "electrode," or any other language that suggests a means to apply voltage to the 
semiconductor layers opposing stratum 506. Although the Examiner states that electrodes 
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would be conventional and that alternatives could be suggested by the Examiner, the 
Examiner does not actually take official notice of any such conventional alternatives, nor 
does the Examiner provide a reference that teaches such "conventional" electrodes. The 
only reference the Examiner is able to point to that teaches electrodes at all either does not 
result in the claimed structure when combined with Joannopoulos, or requires substantial 
modification to result in the claimed structure, modification for which the Examiner supplies 
no motivation. Furthermore, if the electrodes of Imada were combined with Joannopoulos, 
they would render opaque the surfaces from which light is typically extracted in a light 
emitting diode, completely removing any expectation of making successful device, and 
defeating the purpose of incorporating a photonic crystal structure, in the first place. As 
such, the obviousness rejection made by the Examiner tacks all three of the requirements of 
an obviousness rejection: motivation to modify or combine references, expectation of 
success, and that the references teach or suggest all the claim limitations. The sentence at 
the end of Joannopoulos does not teach what the Examiner implies it does, as described 
above. Even if it did, that sentence in Joannopoulos does not relieve the Examiner of 
meeting the requirements for a prima facie case of obviousness. For these reasons, 
Applicants respectfully submit that the rejection of claims 1 and 25 over Joannopoulos, 
Imada, and Vaudo cannot be maintained. 

Claims 6 and 27 

The elements recited in claims 6 and 27 are rejected by the Examiner as being 
"inherent in the structure." In Applicants* preliminary amendment submitted on March 29, 
2004 Applicants supplied evidence, in the form of a journal article, that the surface 
recombination velocity is NOT inherent in the structure. This evidence was ignored by the 
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Examiner in the current office action. The arguments made in the March 29, 2004 
amendment are reproduced below for the Examiner's convenience. 
A. Arguments made in the March 29. 2004 Amendment 
Claims 6 and 27 recite "a surface in one of the plurality of holes has a surface 
recombination velocity less than 10 5 cm/sec," 

Claims 6 and 27 depend from claims 1 and 25 and are therefore allowable for at least 
the reasons stated above for claims 1 and 25. In addition, as Applicants noted in the Office 
Action response mailed April 4, 2003, the Examiner states in the office action that "the 
surface recombination velocity is inherent in the structure." Applicants respectfully submit 
that the surface recombination velocity is not inherent in the structure, and can be influenced 
by the manner in which the holes are formed. For example, some fabrication techniques can 
damage the crystal layer or layers in which the holes are formed, which may increase the 
surface recombination velocity in a device. 

In response to the above arguments, the Examiner stated in paragraph 29 of the office 
action, "Regarding the inherency of the surface recombination velocity, see the combination 
of the basic references with Vaudo et al." Applicants are unsure what is meant by this 
comment, since Applicants can find no mention in Vaudo ct al. of surface recombination 
velocity. 

In addition, Applicants note Boroditsky et al., Surface recombination measurements 

on UhV candidate materials for nanostructure light-emitting diodes, 87 Journal of Applied 

Physics, Volumn 87, Number 7, pp. 3497-3504, 3500 (2000), cited in the accompanying 

information disclosure statement. Boroditsky et al. state: 

In our experiment, the PL of an * as-grown* GaN sample was first measured to 
determine the internal quantum efficiency and the surface recombination 
velocity (SRV), which was found to be S = 2.8 X 10 4 cm/s. The same was 
then etched in a chemically assisted ion beam etching machine for 1 min in 
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Ar + + Chi which removed 30 nm from the top cap layer. Figure 3 shows that 
after etching, . . . SRV increased to S = 7 X 10 4 cm/s. 

The above-quoted passage clearly demonstrates that the surface recombination 
velocity is not inherent to a device, since the same material may have two different surface 
recombination velocities, depending on how the material was etched. 

Though Boroditsky et al. teach surface recombination velocities less than 1.0 5 cm/sec, 
Boroditsky et aL is only etching the surface of a c-plane layer of Ill-nitride crystal. In 
contrast, forming a plurality of holes necessarily exposes crystal surfaces other than the c- 
plane. Accordingly, a person of skill in the art would expect that the SRV values given in 
Boroditsky et al. would have no bearing on the surface recombination velocity of a surface 
in one of the plurality of holes as recited in claims 6 and 27. 

Since a surface recombination velocity less than 10 5 cm/sec is not inherent in the 
structures taught by Joannopoulos, Imada, and Vaudo, claims 6 and 27 are allowable for this 
additional reason. 

B. The Examiner must consider objective evide nce 

Applicants remind the Examiner that MPE? section 716.01 states that "Evidence 
traversing rejections, when timely presented, must be considered by the examiner whenever 
present. All entered affidavits, declarations, and other evidence traversing rejections are 
acknowledged and commented upon by the examiner in the next succeeding action. The 

extent of the commentary depends on the action taken by the examiner Where the 

evidence is insufficient to overcome the rejection, the ex aminer must specifically explain 



whv the evidence is insufficient ." Emphasis added. Applicants respectfully request that the 
Examiner respond to the evidence presented refuting inherency either by allowing claims 6 
and 27, by providing a specific explanation why the evidence presented is insufficient to 
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prove the claimed element is not inherent, or by providing a rejection that does not rely on 
inherency. 

Claims 2> 3. 7-23, 26, 28, 32. 33, 36-46. 93 f 9 4 . and 96-106 

Claims 2, 3, 7-23, 26, 28, 32, 33, 36-46, 93, 94, 96, and 97 depend from claims 1 and 
25 and are therefore allowable for at least the reasons stated above for claims I and 25. 



Claims 4. S, and 29-31 

Claims 4, 5, and 29-31 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Joannopoulos in view of Imada, Vaudo and further in view of KurahashL Claims 4 and 
5 depend from claim L Claims 29-31 depend from claim 25. Kurahashi adds nothing to the 
deficiencies of Joannopoulos, Imada, and Vaudo with respect to claims 1 and 25, 
accordingly claims 4, 5, and 29-31 are allowable for at least the same reasons as claims 1 
and 25. 
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Claim 24 

Claim 24 is rejected under 35 U.S.C 103(a) as being unpatentable over 
Joannopoulos in view of Imada and further in view of Roberts et al M U.S. Patent No. 
6,335,548. Claim 24 depends from claim 1. Roberts et al» add nothing to the deficiencies of 
Joannopoulos and Imada with respect to claim 1. Accordingly, claim 24 is allowable for at 
least the same reason as claim L 

Claims 95 and 98 



In the March 29, 2004 amendment, Applicants provided separate, additional reasons 
why the rejection of claims 95 and 98 is improper. The Examiner did not respond to these 
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reasons in the current office action. Applicants respectfully request that the Examiner 
withdraw the rejection of claims 95 and 98, or provide a rejection that does not rely on 
Dodabalapur et al., as Dodabalapur et al. cannot be properly combined with Joannopoulos, 
Imada, and Vaudo because it teaches away from use in a semiconductor device. The 
arguments made in the March 29, 2004 amendment are reproduced below for the 
Examiner's convenience. 

A, Arguments made in the March 2&20Q4 Amendment 
Claims 95 and 98 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Joannopoulos in view of Imada, Vaudo, and further in view of Dodabalapur ct al., U.S. 
Patent No. 6,363,096. Claims 95 and 98 depend from claims 1 and 25. Dodabalapur et al. is 
cited as teaching "a one-dimensional photonic crystal" and as such adds nothing to the 
deficiencies of Joannopoulos, Tmada, and Vaudo with respect to claims 1 and 25, Claims 95 
and 98 are therefore allowable for at least the same reasons as claims 1 and 25. 

In addition, Dodabalapur et al. teaches a grating "fabricated by nanomolding a 
resonator structure and applying a film of Alq doped with about 0.5 to 5.0 weight percent of 
the laser dye DCMIII to the resonator." Col. 5, lines 25-28. Dodabalapur et al. teaches 
"plastic" lasers (see title) and does not teach or suggest that any of its teachings may be 
applied to semiconductor USDs. In fact, Dodabalapur ct al. teaches in col. 5, lines 50-52 
that the invention of Dodabalapur et al. presents u an advantage over inorganic 
semiconductor lasers," effectively teaching away from the use of Dodabalapur et al.'s 
grating in a semiconductor LED device. Accordingly, Dodabalapur et al. cannot be properly 
combined with Joannopoulos, Imada, and Vaudo and claims 95 and 98 are allowable for this 
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In view of the above arguments, Applicants respectftilly request aUowance of all 
pending claims. Should the Examiner have any questions, the Examiner is invited to call the 
undersigned at (408) 382-0480. 



Certification of Facsimile Transmission 

1 hereby certify that this paper is being facsimile transmitted to 
the U.S. Patent and Trademark Office on the date shown below. 



Respectfully submitted, 




Rachel V, Leiterman 
Attorney for Applicant(s) 
Reg. No, 46,868 
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